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CORPS  OF  ENGINEERS 
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The  Investigation  reported  herein  was  made  in  accordance  with  "In¬ 
structions  and  Outline  for  Field  Moisture  Content  Investigation,"  dated 
5  February  194 5,  and  addenda  1  through  14  thereto,  and  "Instructions  and 
Outline,  Engineering  Investigations  for  Flexible  Pavements,  U.  S.  Army 
Engineer  Waterways  Experiment  Station, "  FY  1958;  1959;  and  i960,  inclusive 
and  is  a  continuing  study  conducted  by  the  U.  S.  Army  Engineer  Waterways 
Experiment  Station  for  the  Office,  Chief  of  Engineers. 

The  field  work  was  accomplished  by  personnel  of  the  Waterways  Expert 
ment  Station  under  the  general  supervision  of  Mr.  W.  J.  Turnbull,  Chief, 
Soils  Division,  and  Messrs.  C.  R.  Foster  (formerly  of  the  Waterways  Experl 
ment  Station),  A.  A.  Maxwell,  and  0.  B.  Ray.  This  report  was  prepared  by 
Messrs.  L.  M.  Womack,  M.  J.  Mathews,  and  Z.  B.  Fry. 

Directors  of  the  Waterways  Experiment  Station  during  the  conduct  of 
this  study  and  preparation  of  this  report  were  Col.  H.  J".  Skidmore,  CE, 
Col.  C.  H.  Dunn,  CE,  Col.  A.  P.  Rollins,  Jr.,  CE,  and  Col.  Edmund  H.  Lang, 
CE.  Technical  Director  was  Mr.  J.  B.  Tiffany. 
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SUMMARY 


Tests  were  conducted  on  base  course  and  subgrade  materials  at  Kirt- 
land  AFB,  Albuquerque,  N.  Mex.,  Sewart  AFB,  Nashville,  Term.,  and  Craig 
AFB,  Selma,  Ala.,  located  in  different  climatic  regions,  to  determine  the 
variation  in  moisture  content  with  time,  and  the  movement  and  source  of 
moisture  beneath  airfield  pavements.  Test  sites  at  each  field  were  located 
near  the  center  line,  quarter -point,  and  edge  of  a  paved  facility  and  on 
the  shoulder  area.  Tests  were  performed  and  samples  obtained  at  the  sur¬ 
faces  of  the  base  course  and  subgrade,  and  l8-in.  depth  in  the  subgrade  at 
varying  intervals,  normally  every  three  to  six  months.  Field  tests  con¬ 
sisted  of  in-place  moisture,  CBR,  and  density  determinations.  Tests  per¬ 
formed  on  samples  in  the  laboratory  involved  determination  of  sieve  anal¬ 
ysis,  Atterberg  limits,  specific  gravity,  and  moisture-density-CBR  rela¬ 
tions  (modified  AASHO  compaction  test).  Computations  were  also  made  to 
determine  the  percentage  of  saturation  of  the  materials. 

The  variation  in  moisture  content  with  time  (all  elevations)  fol¬ 
lowed  no  prescribed  pattern  of  increase  or  decrease.  The  l8-in.  depth  in 
the  subgrade  was  the  only  elevation  to  produce  a  trend  of  higher  moisture 
content  in  the  high  rainfall  zone.  The  variation  (movement)  of  moisture 
content  across  the  pavement  width  was  insignificant  in  the  base  course  and 
inconsistent  for  the  two  elevations  in  the  subgrade. 

In-place  moisture  contents  varied  directly  with  the  soil's  plastic 
limit,  liquid  limit,  plasticity  index,  optimum  moisture  content,  and  per¬ 
centage  of  material  passing  the  No.  200  sieve. 

The  moisture  contents  and  CBR  values  of  laboratory  soaked  samples 
(used  to  predict  the  worst  future  condition  of  the  material)  were  generally 
conservative  compared  to  the  values  obtained  in  the  field  for  base  courses, 
and  were  conservative  in  comparison  to  or  approximated  those  obtained  for 
subgrade  materials. 

The  variation  in  moisture  content  could  not  be  directly  related  to 
rainfall  zone  or  climatic  region,  nor  was  the  source  of  the  moisture  defi¬ 
nitely  determined  for  the  areas  tested. 
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PART  I:  INTRODUCTION 
Background,  Purpose,  and  Scope  of  Study 


1.  This  report  is  the  third  of  a  series  on  the  study  of  moisture 
conditions  in  base  courses  and  subgrades  under  flexible  airfield  pavements. 
The  first  report*  dealt  with  the  investigation  of  the  Bouyoucos  moisture 
cell  as  a  possible  means  for  measuring  soil  moisture.  The  investigation 
showed  that  the  cells  available  at  that  time  were  not  satisfactory  for  use 
under  flexible  pavements;  therefore,  a  direct-sampling  method  was  adopted 
for  determining  moisture  content  in  all  ensuing  investigations.  The  second 
report**  describes  the  results  of  the  moisture  content  investigation  from 
October  1945  to  November  1952  in  which  the  direct -sampling  method  was  first 
used.  This  report  (Report  3)  describes  the  November  1952  to  May  1956  phase 
of  the  investigation,  and  together  with  Report  2  completes  the  presentation 
of  data  obtained  by  direct  or  in-situ  sampling  methods  on  the  accumulation 
and  movement  of  moisture  in  soils  beneath  certain  airfield  pavements. 

2.  In  conjunction  with  this  study,  other  means  of  measuring  and 
recording  the  moisture  in  soils  have  been  investigated,  namely  Colinan 
moisture  cells.  These  cells,  Fiberglas  units  by  which  electrical  resist¬ 
ance  is  determined,  have  been  installed  since  October  1955  in  a  test  sec¬ 
tion  at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES).  The 
results  obtained  from  this  test  section  will  be  published  in  a  subsequent 
report . 

3.  Another  method  considered  applicable  to  a  study  of  this  nature 
has  been  Investigated  and  developed  by  the  Road  Research  Laboratory, 
Department  of  Industrial  and.  Scientific  Research,  England.  This  method 


*  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Field  Moisture 
Content  Inve stigatlon ,  Interim  Report  1  (Vicksburg,  Mississippi, 
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involves  the  use  of  tensiometers  and  the  determination  of  pore-water  pres¬ 
sure,  soil  suction,  and  the  compressibility  factor.  The  results  of  the 
study*  show  excellent  correlation  between  predicted  and  actual,  measured 
moisture  contents;  this  correlation,  however,  is  largely  dependent  on  a 
relatively  high  water  table.  It  is  believed  that  this  method  of  approach 
should  be  studied  further,  particularly  in  regard  to  its  application  in 
areas  of  low  water  table. 

4.  As  described  in  the  previous  reports  of  this  series,  the  general 
objectives  of  the  field  moisture  content  investigation  are  to  determine  the 
sources  of  water  in  soils  under  flexible  airfield  pavements  and  the  extent 
to  which  these  soils  become  wet  after  completion  of  pavement  construction. 
To  accomplish  these  objectives,  it  was  necessary  to  investigate  the  follow¬ 
ing  items: 

a.  Moisture  gradients  across  the  pavement  width  at  three  eleva¬ 
tions  in  the  base  course  and  subgrade. 

b.  Effect  of  surface  and  subsurface  drainage  systems  on  moisture 
conditions  under  pavements. 

c.  Extent  and  rate  of  capillary  movement  of  moisture  under 
pavements . 

5*  The  permeability  of  pavements  was  also  being  investigated  in  con¬ 
nection  with  a  study  of  the  resistance  of  pavements  to  jet-fuel  attack.  A 
study  to  determine  the  amount  of  condensation  under  pavements  was  held  in 
abeyance  until  a  satisfactory  meter  for  measuring  moisture  contents  could 
be  found.  This  study  has  been  made  using  Colman  FL berg las  moisture  cells, 
as  mentioned  in  paragraph  2,  and  will  be  discussed  in  a  separate  report. 

Airfield  Sites  Investigated 

6.  It  was  desired  that  the  field  moisture  investigations  be  con¬ 
ducted  on  airfields  located  in  arid,  seraiarid,  and  humid  regions  and  that 
each  field  have  a  different  type  of  subgrade  material.  Data  presented  in 
previous  reports  of  this  series  were  obtained  from  the  following  airfields: 

*  W.  P.  Ml.  Black,  D.  Croney,  and  J.  C.  Jacobs,  Field,  Studies  of"  the  Move¬ 
ment  of"  Soil  Moisture,  Road  Research  Laboratory  Technical  Paper . C 

(Harmondsworth,  Middlesex,  England,  1958). 
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Kirtland  AFB,  Albuquerque,  N.  Mex. 

Santa  Fe  Municipal  Airport,  Santa  Fe,  N.  Mex. 

Clovis  AFB,  Clovis,  N.  Mex. 

Bergstrom  AFB,  Austin,  Tex. 

Goodfellow  AFB,  San  Angelo,  Tex. 

South  Plains  AFB,  Lubbock,  Tex. 

Memphis  Municipal  Airport,  Memphis,  Tenn. 

Keesler  AFB,  Biloxi,  Miss. 

Craig  AFB,  Selma,  Ala. 

Vicksburg  Municipal  Airport,  Vicksburg,  Miss. 

WES  Test  Section,  Vicksburg,  Miss. 

Airfields  from  which  data  are  presented  in  this  report  are: 

Kirtland  AFB,  Albuquerque,  N.  Mex. 

Craig  AFB,  Selma,  Ala. 

Sewart  AFB,  Smyrna,  Tenn. 

Limited  data  from  the  previous  reports  are  included  herein  where  necessary 
as  background  information  or  to  establish,  indicated  trends  of  moisture 
conditions  under  flexible  pavements. 
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PART  II:  THE  INVESTIGATION 

Fields  Studied 

7.  Average  annual  rainfall  and  base  course  and  subgrade  classifica¬ 
tions  for  the  airfields  studied  in  the  November  1952-May  1956  phase  of  this 
Investigation  are  listed  below: 

Unified  Soil 


Field 

Avg  Annual  Rainfall 
in. 

Clas 

Base 

siflcation 

Subgrade 

Kirtland  AFB 

Below  15 

GW 

SM-SC 

Craig  AFB 

Above  35 

SC 

SC 

Sewart  AFB 

Above  35 

GW 

CII 

The  following  paragraphs  present  additional  information  on  physiography, 
soil  formation,  ground-water  table,  and  climate  for  each  of  these  airfields. 
Kir t land  AFB 

8.  Kirtland  AFB  is  located  physiographically  in  the  Open  Basin  sec¬ 
tion  of  the  Basin  and  Range  province  on  the  down-fault  side  of  the  Sand i a 
Mountains  about  eight  miles  from  the  point  of  uplift.  The  general  area  in 
which  the  airfield  is  located  is  about  5000  ft  above  sea  level.  Natural 
soils  at  the  site  are  gravelly  sands  which  contain  some  caliche  near  the 
surface.  The  true  ground -water  table  is  at  a  depth  of  more  than  100  ft. 

The  climate  is  dry,  with  an  average  annual  rainfall  of  about  8  in.  Maximum 
and  minimum  temperatures  of  record  are  10k  and  -10  F;  temperature  varia¬ 
tions  from  night  to  day  are  generally  large.  The  natural  topography  of  the 
airfield  site  is  relatively  flat;  after  a  rain  some  water  ponds  between  the 
runways  and  taxi ways  for  a  short  time.  However,  the  drainage  system  is 
considered  generally  satisfactory,  shoulder  slopes  are  satisfactory,  and 
water  does  not  pond  at  the  edges  of  the  various  pavements.  All  runway  and 
taxiway  facilit ies  are  flexible -type  pavements . 

9.  The  particular  site  {designated  site  2)  selected  for  this  phase 
of  the  field  moisture  content  investigations  at  Kirtland  AFB  is  located  on 
the  west  end  of  taxiway  8.  This  taxiway  is  parallel  to  and  north  of  the 
E-W  runway  and  taxiway  2,  which  were  the  sites  of  the  previous  field  mois¬ 
ture  investigations  at  the  airfield.  The  flexible  pavement  structure  of 
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taxiway  8  consists  of  4  in.  of  hot-mix  asphaltic  concrete,  7  In.  of  gravel- 
sand  (GW)  base  course,  and  18  in.  of  compacted  clayey  sand  (SM-SC)  or  silty 
sand  (SM)  subgrade.  The  base  course  material  is  nonplastic  whereas  the 
plasticity  index  of  the  subgrade  material  ranges  from  nonplastic  to  8.  The 
surface  of  the  flexible  pavement  was  in  good  condition. 

Craig  AFB 

10.  Craig  AFB  is  located  physiographically  in  the  East  Gulf  Coastal 

Plain  section  of  the  Coastal  Plain  province  at  an  elevation  of  approxi¬ 
mately  150  ft  above  sea  level.  Natural  soils  in  the  general  area  consist 
of  sand,  silty  sand,  clayey  sand,  and  gravelly  sand.  In  the  test  area  the 

subgrade  material  is  a  silty  sand  extending  at  least  to  the  water  table, 

which  was  at  a  depth  of  7  ft  at  the  time  of  this  investigation.  The  cli¬ 
mate  is  humid  and  mild,  average  annual  rainfall  is  about  50  in.,  and  maxi¬ 
mum  and  minimum  recorded  temperatures  are  106  and  -5  F.  The  nearby  hills 
provide  good  natural  drainage  for  the  field.  Ponding  of  water  occurs  near 

the  edges  of  some  of  the  Craig  AFB  facilities  because  of  rutting  of  the 

shoulders  by  traffic  and  also  because  of  grass  growing  over  the  pavement 
edges.  All  facilities  are  paved  with  asphaltic  concrete. 

11.  The  site  (site  2)  selected  for  this  phase  of  the  field  moisture 
content  investigation  is  near  the  southeast  end  of  the  south  NW-SE  runway. 
The  flexible  pavement  structure  consists  of  2  in.  of  hot-mix  asphaltic 
concrete  and  9  in.  of  a  clayey  gravelly  sand  (SC)  base  course  on  a  com¬ 
pacted  sand  subgrade  (SM-SC).  The  plasticity  index  of  the  base  course 
material  ranges  from  11  to  23  and  that  of  the  subgrade  from  nonplastic  to 
20.  Cracks  and  ruts  were  noticed  over  the  entire  field  early  in  1952,  some 
of  which  were  in  the  test  area.  During  the  period  of  this  investigation 
(1952-1956),  no  progression  of  the  pavement  distress  in  the  test  area  was 
noted.  Indications  were  that  the  distress  was  due  to  shear  deformation  in 
the  base  course . 

Sewart  AFB 

12.  Sewart  AFB  is  located  physiographically  in  the  Nashville  Basin 
section  of  the  Interior  Low  Plateau  province  at  an  elevation  of  approxi¬ 
mately  510  ft  above  sea  level.  The  general  terrain  in  the  area  is  charac¬ 
terized  by  small,  rocky  hills  or  "glades."  Some  areas  feature  high  pinna¬ 
cles  and  low  valleys.  Numerous  limestone  outcroppings  are  in  evidence,  and 
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during  construction  of  the  field  some  sinkholes  ahd  springs  were  encoun¬ 
tered.  The  subsoil  in  the  area  is  composed  of  clays  that  classify  gener¬ 
ally  as  CH.  Temperatures  at  the  site  vary  widely  with  an  average  of  60 
days  per  year  having  temperatures  below  freezing  and  an  average  of  38  days 
per  year  having  temperatures  above  90  F.  Average  annual  precipitation 
amounts  to  about  50  in.,  which  includes  a  moderate  amount  of  snowfall. 
Practically  all  runoff  from  the  airfield  is  conveyed  by  two  main  drainage 
systems  into  nearby  Stewarts  Creek,  a  tributary  of  Stones  River.  The 
drainage  system  is  performing  satisfactorily. 

13.  The  site  selected  for  the  field  moisture  content  investigation 
is  near  the  northwest  end  of  the  NW-SE  runway.  The  flexible  pavement  - 
structure  consists  of  4  in.  of  asphaltic  concrete  and  12  in.  of  crushed 
limestone  base  (GW)  over  a  subgrade  material  of  red  fat  clay  ( CH )  and 
minor  amounts  of  silty  clay  (CL).  The  base  course  material  is  nonplastic, 
and  the  plasticity  index  of  the  subgrade  material  averages  about  37.  The 
general  condition  of  the  flexible  pavement  was  good  at  the  time  of  this 
phase  of  the  study. 

Test  Program 


Test  locations 

14.  Test  locations  similar  to  those  shown  in  plate  1  were  investi¬ 
gated  at  each  of  the  fields.  These  test  locations  were  in  areas  where  the 
pavement  appeared  to  be  in  good  condition  and  drainage  conditions  were 
about  average  for  the  field.  They  were  divided  into  two  groups:  (a)  the 
"normal"  locations  (1-3,  plate  l)  where  pavement  is  maintained  in  its 
normal  condition,  and  (b)  the  "shoulder"  location  (4,  plate  l)  on  the 
unpaved  shoulder. 

Tests  conducted 

15,  Pour  sets  of  tests  were  performed  at  each  normal  and  shoulder 
location  at  the  time  of  each  testing.  The  tests  were  performed  in  holes 
approximately  10  in.  In  diameter  with  one  hole  located  in  each  quadrant 
(see  pattern  of  test  holes,  plate  1).  At  each  testing  the  holes  were  lo¬ 
cated  adjacent  to  the  last  holes  tested  previously,  in.  a  pattern  of  con¬ 
centric  circles.  At  the  time  of  the  initial  testing  of  each  field, 
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in-place  moisture  content,  density,  and  CBR  determinations  were  made  in 
large  test  pits  about  15  ft  from  each  of  the  normal  and  shoulder  locations. 
In  addition,  disturbed  samples  of  the  pavement,  base  course,  and  subgrade 
materials  were  obtained  from  these  pits  for  laboratory  testing.  Tests 
performed  at  each  elevation  in  the  test  pits  were  as  follows: 

_ Elevation _  _ Tests  Performed _ 

Surface  of  base  Moisture  content,  density,  CBR 

Surface  of  subgrade  Moisture  content,  density,  CBR 

18  in.  below  surface  of  subgrade  Moisture  content 
Tests  were  performed  at  the  surfaces  of  the  base  and  subgrade  because  it 
was  felt  that  this  elevation  was  the  most  critical  in  each  layer.  Tests 
were  also  made  at  a  depth  of  18  in.  in  the  subgrade  in  order  to  compare 
moisture  conditions  at  two  elevations  in  the  subgrade.  Each  field  was 
visited  two  to  four  times  a  year,  and  attempts  were  made  to  test  each 
field  under  various  seasonal  conditions. 

I. 6 .  Atterberg  limits,  gradation,  specific  gravity,  and  moisture- 
density -CBR  relations  of  base  course  and  subgrade  materials  from  the  vari¬ 
ous  fields  were  determined  in  the  laboratory.  Samples  of  the  bituminous 
pavement  were  tested,  and  the  unit  weight,  stability,  flow,  arid  voids 
relations  determined.  In  addition,  representative  samples  were  subjected 
to  extraction  tests  to  determine  the  asphalt  content,  and  the  gradation 
and  specific  gravity  of  the  extracted  aggregate  were  determined. 

Presentation  of  Test  Data. 

17.  The  following  paragraphs  outline  the  arrangement  of  tables  and 
plates  by  subject  matter  in  this  report  and  their  order  of  presentation. 
The  tables  and  plates  will  be  discussed  in  detail  later  in  the  report. 
Tables 

J, 8.  The  average  values  of  CBR,  density,  moisture  content,  percent¬ 
age  of  saturation,  and  soil  characteristics  obtained  at  each  test  location 
at  each  testing  are  shown  for  the  three  fields  in  tables  1,  2,  and  3, 
respectively.  Results  of  laboratory  tests  on  samples  of  the  base  course 

and  subgrade  materials  from  all  three  fields  . .  presented  in  table  4,  and 

the  results  of  tests  on  pavement  samples  in  table  5-  Pertinent  rainfall 
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data  are  shown  in  table  6.  Construction  data  presented  in  table  7  were  ob¬ 
tained  either  from  control-test  records  or  from  records  of  special  tests 
performed  immediately  after  the  completion  of  construction.  In  most  cases 
the  values  shown  in  table  7  are  averages  of  a  number  of  results  obtained  in 
the  immediate  area  in  which  the  field  moisture  tests  were  conducted.  How¬ 
ever,  in  a  few  instances  data  were  not  available  for  the  immediate  area  of 
testing,  and  averages  were  taken  for  rather  large  areas  at  some  distance 
from  the  point  at  which  the  field  moisture  tests  were  performed. 

Plates 

19*  As  mentioned  earlier,  the  pattern  of  test  locations  at  the  air¬ 
fields  investigated  is  shown  in  plate  1.  Gradations  of  base  course  and 
subgrade  materials  are  shown  in  plates  2  and  3>  respectively.  Results  of 
Atterberg  limits  tests  on  base  course  and  representative  subgrade  surface 
materials  are  shown  in  plates  4  and  5>  respectively.  Results  of  laboratory 
tests  to  determine  the  moisture-density-CBR  relations  on  base  course  and 
subgrade  samples  from  the  three  fields  investigated  are  shown  in  plates 
6-11.  Plates  12-20  present  plots  of  the  variation  in  moisture  content, 
percentage  of  saturation,  and  CBR  with  time  at  the  various  test  locations 
at  each  of  the  airfields.  Moisture  content  values  for  each  sampling  at 
each  of  the  test  locations  (normal  and  shoulder)  are  shown  in  plate  21. 

By  joining  these  points  with  straight  lines  a  moisture  distribution  profile 
across  the  width  of  the  pavement  is  shown.  Similar  profiles  of  density, 
CBR,  and  degree  of  saturation  are  presented  in  plates  22,  23,  and  24,  re¬ 
spectively.  Other  relations  of  moisture  content  versus  Atterberg  limits, 
soil  gradation,  annual  rainfall,  degree  of  saturation,  and  CBR  are  plotted 
in  plates  25-43- 
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PART  III:  ANALYSIS  AND  DISCUSSION  OF  DATA  FROM  INDIVIDUAL  FIELDS 


20.  Pertinent  data  concerning  each  airfield,  and  a  comparison  of 
conditions  at  the  different  test  locations  at  each  field,  as  Indicated  by 
the  test  values  obtained,  are  presented  in  the  following  paragraphs.  These 
comparisons  are  based  on  the  test  results  summarized  in  tables  1-5*  The 
degree  of  saturation  has  been  found  to  change  with  changes  in  moisture  con¬ 
tent,  which  in  turn  varies  with  time  and  location,  and  may  also  change  with 
density  which  has  been  found  to  change  mainly  with  location  and  very  little 
with  time;  therefore,  the  degree -of -saturation  values  could  vary  with  time 
and  are  considered  to  do  so  in  the  analysis.  Density  values  are  not  con¬ 
sidered  as  changing  with  time. 


‘  Kirtland  AFB 

21.  The  test  data  obtained  at  Kirtland  AFB  are  shown  in  table  1  and 
plots  of  moisture  content,  degree  of  saturation,  and  CBR  data  versus  time 
are  shown  in  plates  12-14.  Qualitative  comparisons  of  conditions  at  normal 
and  shoulder  locations  based  on  the  tabulations  and  analyses  of  the  data 
obtained  at  Kirtland  AFB  are  made  in  the  following  tabulation. 

Course  Normal  Location  Shoulder  Location* 


Moisture  Content 


Base 

Subgrade  surface 


Slight  decrease  with  time 

Variation  with  time,  slight 
decrease  Indicated 


Subgrade,  lS-in.  depth  No  trend,  slight  variation 

with  time 


Variation  with  time; 
lower  than  at  nor¬ 
ma.].  locations 

Variation  with  time, 
but  no  general 
trend 


Degree  of  Saturation. 


Base 

Subgrade  surface 
S  ubg  rade ,  1.8  -  i  n .  de  p  th 


Slight  decrease  with  time 
Decrease  with  time 

No  data  taken 
_ (Continued) _ 


No  trend;  lower  than 
normal  . . rations 


*  Depth  below  ground  surface  at  shoulder  location  equal  to  depth  below 
pavement  surface  at  normal  location. 


10 


Course 


Korraal  Location  Shoulder  Location 


CBR 


Base 

Subgrade  surface 
Subgrade,  l8-in.  depth 


General  increase,  variation 
with  time 

General  increase 

No  data  taken 


No  trend 


Craig  AFB 


22.  The  test  data  obtained  at  Craig  AFB  are  shown  In  table  2,  and 
plots  of  the  moisture  content,  degree  of  saturation,  and  CBR  data  versus 
time  are  shown  in  plates  15-17-  Qualitative  comparisons  of  conditions  at 
normal  and  shoulder  locations  are  made  in  the  following  tabulation. 

Course  Normal  Location  Shoulder  Location 


Base 

Subgrade  surface 
Subgrade,  1.8-ln.  depth 

Base 

Subgrade  surface 

Subgrade,  l8-in .  depth 

Base 

Subgrade  surface 
Subgrade,  1.8 -in .  depth 


Moisture  Content 
No  trend 
Slight  decrease 

Slight  decrease 

Degree  of  Saturation 
Slight  increase 
No  trend 


Variation  with  time, 
slight  decrease 

Slight  decrease; 
higher  than  nor¬ 
mal  locations 


Slight  decrease, 
variation  with 
time 


No  trend,  variation 
with  time 


No  data  taken 

CBR 

Variation  with  time,  no  trend 

Variation  with  time,  slight 
Increase 

No  data  taken 

Sewart  AFB 


23.  The  test  data  obtained  at  Sewart  AFB  are  shown  in  table  3*  and 
plots  of  moisture  content,  degree  of  saturation,  and  CBR  data  versus  time 


. . 


. . Ill . .  . 
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are  shown  in  plates  18 
and  shoulder  locations 
Course 


Base 

Sub grade  surface 


•20.  Qualitative  comparisons  of  conditions  at  normal 
are  presented  in  the  following  tabulation. 

_ Normal  Location _  Shoulder  Location 

Moisture  Content 

Variation  with  time,  no  trend 

Variation  with  time,  no  trend  Variation  with  time, 

no  trend 


Subgrade,  l8-in.  depth  Variation  with  time,  no  trend  Variation  with  time, 

no  trend 


Base 

Subgrade  surface 
Subgrade,  l8-in.  de 


Base 

Subgrade  surface 


Variation  with  time, 
no  trend 


Degree  of  Saturation 

Variation  with  time,  no  trend 
No  trend 

No  data  taken 
CBR 

Variation  with  time,  slight 
Increase 

Variation  with  time,  slight  Variation  with  time, 
increase  no  trend 


Subgrade,  l8-in.  depth  No  data  taken 
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PART  IV:  GENERAL  ANALYSIS  AND  DISCUSSION 

24.  Pertinent  data  from  the  1945-1952  phase  of  the  field  moisture 
content  investigation  and  data  from  the  fields  studied  in  this  (1952-1956) 
phase  are  analyzed  as  a  whole  in  the  following  paragraphs.  Data  from  the 
previous  investigation  are  included  so  that  positive  or  negative  trends  may 
be  substantiated.  Factors  that  may  possibly  affect  moisture  conditions  and 
which  were  investigated  in  the  earlier  phase  of  the  investigation  and  con¬ 
tinued  during  this  phase  of  the  investigation  are  discussed,  followed  by 
discussions  of  changes  in  moisture  content,  degree  of  saturation,  and  CBR 
values  with  time.  As  indicated  previously,  density  is  not  considered  as 
varying  with  time  but  will  vary  with  location.  Variations  occurring  with 
time  are  analyzed  with  respect  to  both  the  individual  points  tested  and  the 
flexible  pavement  cross  section.  Soil  characteristics,  rainfall,  and  de¬ 
sign  requirements  are  the  basis  of  the  analyses  in  the  latter  portion  of 
this  part. 

Drainage 


25-  The  adequacy  of  the  surface  drainage  at  each  test  site  and  the 
depth  to  the  water  table  were  discussed  in  Part  II.  These  factors  are  sum¬ 
marized  in  the  following  tabulation  for  each  field  investigated  as  well  as 
for  those  fields  investigated  during  the  1945-1952  phase  and  used  again  in 
this  analysis.  In  Report  2  it  is  explained  that  drainage  is  classed  as 
good  when:  (a)  the  pavement  has  a  surface  free  of  depressions  and  is 
sloped  to  drain  to  the  shoulders,  (b)  the  shoulders  are  sloped  to  drain 
away  from  the  pavement,  or  (c)  water  is  not  ponded  at  the  pavement  edge  by 
vegetation  or  soil.  Drainage  is  classed  as  poor  when:  (a)  the  pavement 
surface  contains  depressions,  (b)  shoulder  slopes  are  such  that  satisfac¬ 
tory  runoff  is  not  obtained,  or  (c)  water  is  ponded  at  the  pavement  edge 


as  a  result  of  vegetation  or  high  shoulders. 

Surface  Depth  to 

_ Field _  _ Drainage _  Water  Table,  ft 

Santa  Fe  Generally  good  100+ 

Clovis  Good  100+ 

.Bergstrom  Good  Approximately  20 

(Continued) 
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Field 

Surface 

Drainage 

Depth  to 
Water  Table,  ft 

Goodfellow 

Good 

Estimated  50+ 

South  Plains 

Generally  good 

80 

Memphis 

Poor 

Keesler 

Good 

3-6 

WES  test  section 

Poor 

100+ 

Vicksburg 

Poor 

5-6 

Kirtland,  site  1,  1945-1952 

Good 

100+ 

Kirtland,  site  2,  1952-1956 

Good 

100+ 

Craig,  site  1,  1915-1952 

Good 

7 

Craig,  site  2,  1952-1956 

Poor 

7 

Sewart 

Good 

Not  available 

Variations  In  Moisture  Content,  Saturation,  and  CBR 
with  Time  at  Individual  Test  Locations 


26.  The  variations  in  moisture  content ,  degree  of  saturation,  and 
CBR  with  time  are  generally  within  certain  ranges;  however,  within  these 
ranges  certain  variations  occur  that  are  attributed  to  climatic  changes. 
Although  analyses  have  been  made  of  the  variation  in  conditions  with  time, 
it  is  recognized  that  the  elapsed  time  between  samplings  may  have  been  too 
great  to  insure  a  straight-line  variation  between  plotted  points.  In  ana¬ 
lyzing  the  general  trends,  the  slopes  of  the  lines  connecting  any  two  con¬ 
secutive  points  are  not  considered,  rather  the  values  are  considered  to 
have  increased  or  decreased  when  an  average  line  drawn  through  the  points 
has  either  a  general  upward  or  downward  trend.  Shoulder  locations  are  not 
considered  in  the  general  analysis,  since  data  obtained  at  such  locations 
vary  depending  on  whether  or  not  rain  occurred  Immediately  prior  to  the 
time  of  testing. 

27.  Plots  of  moisture  content,  degree  of  saturation,  and  CBR  versus 
time  for  the  base  course  and  for  the  two  depths  in  the  subgrade  at  the 
various  locations  tested  are  shown  in  plates  12-20.  Summaries  of  the 
trends  indicated  by  the  plots  are  tabulated  in  the  following  paragraphs  to 
show  the  variations  with  time  at  the  respective  locations.  In  summarizing 
these  data,  the  time  versus  moisture  content,  saturation,  and  CBR  plots  arc 
described  as  (a)  "increasing”  when  there  is  a  continued  trend  for  values  tc 
increase  with  time,  (b)  "decreasing”  when  there  is  a  continued  trend  for 
values  to  decrease  with  time,  (c )  "not  significant"  when  the  change  In 
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values  over  the  entire  period  is  very  small  and  follows  no  trend,  and 
(d)  "not  continuous"  when  the  change  is  appreciable  but  follows  no  con¬ 
tinuous  pattern. 

Base  course 


28.  The  plots  of  base  course  values  versus  time  are  shown  in  plates 
12,  15,  and  18,  and  may  be  summarized  as  follows: 


Rain¬ 

Classification 

Trend  of 

Trend  of 

Trend  of 

fall 

of  Base 

Moisture 

Saturation 

CBR 

Field 

Zone* 

LL  PI  £ 

Symbol 

with  Time 

with  Time 

with  Time 

Kirtland 

-15 

—  NP 

GW 

Not  signif 

Decreasing 

Increasing 

Craig 

+35 

31  16 

SC 

Not  signif 

Increasing 

Not  signif 

Sewart 

+35 

—  NP 

GW 

Not  signif 

Not  signif 

Not  signif 

*  -15  denotes  low  rainfall 

zone, 

i.e.  average 

annual,  rainfall 

less  than 

15  in.;  +35  denotes  high  rainfall  zone,  i.e.  average  annual  rainfall  more 
than  35  in. 


This  summary  indicates  that  for  the  base  course  materials:  (a)  only  a 
very  small  change  in  moisture  occurred  and  it  followed  no  particular  pat 
tern  or  trend,  (b)  changes  in  degree  of  saturation  with  time  followed  no 
particular  pattern  (comparable  data  in  Report  2  also  indicate  no  general 
trend),  and  (c)  changes  in  CBR  with  time  followed  no  particular  pattern 


(as  was  also  shown 

in  Report  2).  In 

addition,  changes  i 

n  degree  of  satura- 

tion  and  CBR  could 

course  material. 

not  be  related  to 

rainfall  zone  or  pi 

ast  lefty  of  base 

Subgrade  surface 

29.  Plots  Oj 

E1  subgrade  surface 

values  versus  time 

are  shown  in  plates 

13,  16,  and  19,  ant 

i  are  summarized  below: 

Rain- 

Classification 

Trend  of  Tre 

nd  of  Trend  of 

fall 

Subgrade  Surface 

Moisture  Satu 

ration  CBR 

Field  Zone 

LL  PL  Symbol 

with  Time  with 

Time  with  Time 

Kirtland  -15 

21  4  SM-SC 

Decreasing  Deere 

asing  Increasing 

Craig  +35 

24  .11  SC 

Decreasing  Not  s 

Ignif  Increasing 

Sewart  +35 

56  34  CH 

Not  signif  Not  s 

ignif  Not  signif 

This  summary  indie* 

ites  that  for  the  surface  subgrade  sol 

Is:  (a)  moisture 

content  showed  a  dc 

'creasing  trend,  (b)  no  general  trend 

In  degree  of  satu- 

ration  with  time  was  apparent  (this  is  substantiated  by  comparable  data  in 
Report  2),  and  (c)  changes  in  CBR  values  followed  no  particular  pattern 
(also  borne  out  by  Report  2).  Wo  relations  are  indicated  between,  changes 
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in  degree  of  saturation  or  CBR  and  rainfall  zone  or  plasticity  of  the  sub 
grade  materials. 

Subgrade,  l8-in.  depth 

30.  Moisture  content  was  the  only  property  measured  at  the  l8-in. 
depth  in  the  subgrade;  plots  for  the  three  fields  are  shown  in  plates  l4, 
17 ,  and  20,  and  are  summarized  below: 


Field 

Rainfall 

Zone 

Classification 
of  Subgrade 
at  l8-in.  Depth 

LL  PI  Symbol 

Trend  of  Moisture 
with  Time 

Kirtland 

-15 

22  5  SM-SC 

Not  significant 

Craig 

+35 

21  9  SC 

Decreasing 

Sewart 

+35 

57  38  CH 

Not  significant 

No  general  trends  of  changes 

in  moisture  content  at  the  li 

3-in.  depth  are 

shown  by  t 

his  tabulation. 

■ 

Variations  in  Soil  Properties  Across  Pavement 

Width 

31.  Profiles  of  moisture  content,  density,  CBR,  percentage  of  satu- 
ration,  and  gradients  for  each  testing  are  presented  in  plates  21-24.  The 
gradients  are  analyzed  by  comparing  conditions  in  the  more  heavily  traveled 
interior  portions  of  the  pavement  with  conditions  at  the  relatively  un¬ 
traveled  edges  of  the  pavement.  Comparisons  are  made  according  to  the 
slopes  of  the  gradients,  which  are  considered  as  showing  an  increase  or  de¬ 
crease  when  an  average  line  drawn  through  the  points  has  a  general  upward 
or  downward  slope. 

Moisture  content 

32.  Plots  showing  the  moisture  content  gradient  for  each  testing  at 
each  field  are  shown  in  plate  21.  The  plots  show  the  moisture  contents 
determined  on  the  base  course  and  at  two  elevations  In  the  subgrade  for  the 
normal  and  shoulder  locations , 

33*  No  trend  is  apparent  for  the  behavior  of  moisture  in  the  base 
courses  of  the  three  fields  Investigated.  The  variations  in  moisture  con¬ 
tent  from  the  center  of  the  pavement  to  the  shoulder  are  not  significant  in 
the  base  courses.  For  the  two  elevations  of  subgr&de  investigated,  mois¬ 
ture  content  changes  are  inconsistent:  Kirtland  AFB  shows  a  decrease  from 
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the  center  of  the  pavement  outward,  Craig  AFB  shows  an  increase,  and 
Sewart  AFB  Is  inconsistent. 

Density 

3*+.  Density  gradients  for  base  and  subgrade  surface  locations  are 
shown  in  plate  22.  Density  is  not  considered  as  changing  with  time.  How¬ 
ever,  analysis  of  the  base  course  data  in  plate  22  shows  that  the  density 
profile  from  the  center  of  the  pavement  to  the  shoulder  remains  constant  or 
increases.  In  general,  the  subgrade  profile  tends  to  remain  constant  or 
show  a  decrease  in  density  at  the  shoulder. 

CBR 

35-  A  plot  of  the  CBR  gradients  at  each  test  location  of  the  base 
course  and  subgrade  surface  is  shown  in  plate  23.  There  appears  to  be  a 
general  trend  for  a  decrease  in  CBR  to  occur  from  the  center  of  the  pave¬ 
ment  toward  the  edge  in  both  the  base  and  subgrade  materials,  with  the 
exception  of  the  subgrade  at  Sewart  AFB  which  shows  a  marked  increase  in 
CBR  at  the  shoulder  location. 

Degree  of  saturation 

36.  A  plot  of  the  degree  of  saturation  at  each  test  location  for  the 
base  course  and  subgrade  surface  is  shown  in  plate  2k.  There  appears  to  be 
no  general  trend  for  change  in  the  degree  of  saturation  from  the  center  of 
the  pavement  to  the  edge  in  either  the  base  course  or  the  subgrade,  with 
the  exception  of  the  subgrade  surface  at  Kirtland  AFB  which  shows  a  marked 
decrease  in  degree  of  saturation  at  the  shoulder  location. 


Other  Relations 


37*  An  analysis  of  the  studies  of  the  relations  between  moisture 
content,  density,  degree  of  saturation,  and  other  variables  is  given  in  the 
following  paragraphs .  A  single  value  has  been  selected  to  represent  all 


values  obtained  during  the  investigation  at  each  field  or  at  a  certain  lo¬ 
cation  at  a  given  field.  These  values  are  either  average  values  obtained 
from  numerical  a/i . waging  or  mode  values  representing  a  particular  percent¬ 
age  of  observations  obtained  front  frequency  distribution  curves . 

38,  Data  obtained  during  the  1945-1952  investigation  are  presented 
here  to  establish  certain  trends,  and  data  obtained  during  this  phase 
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(1952-1956)  of  the  investigation  are  used,  either  to  substantiate  these 
trends  or  to  give  added  weight  to  the  Indications  that  no  trends  exist. 

Moisture  content  ver- 
sus  Atterberg  limits 

39*  Liquid  limit.  Plots  of  in-place  moisture  content  versus  liquid 
limit  for  the  base  course  and  subgrade  surface  are  shown  in  plate  25  and 
for  the  l8-in.  depth  in  the  subgrade  in  plate  26.  Symbols  are  used  to 
designate  the  various  rainfall  zones.  The  points  represent  average  mois¬ 
ture  content  values  determined  at  normal  locations  each  time  a  field  was 
tested.  General  increases  in  moisture  content  occur  with  increases  in 
liquid  limit  in  the  base  course  and  in  both  subgrade  elevations.  Wo  trend 
in  moisture  content  with  rainfall  zone  is  indicated  for  the  base  course. 
Although  some  data  plotted  inconsistently,  the  following  general  trends 
are  indicated. 

a.  Moisture  contents  at  the  surface  of  the  subgrade  in  the  low 
rainfall  areas  plot  lower  than  those  of  the  other  two  areas. 

b.  At  the  l8-in.  depth,  values  for  the  low  rainfall  zone  plot 
below  those  for  the  high  rainfall  zones. 

c.  The  moisture  content  was  below  the  liquid  limit  in  both  the 
base  and  subgrade  in  all  cases. 

/  40.  Plastic  limit.  Plots  of  in-place  moisture  content  versus 

plastic  limit  are  shown  in  plate  27  for  the  base  course  and  subgrade  sur¬ 
face  and  in  plate  28  for  the  l8-in.  depth  in  the  subgrade.  The  general 
trends  indicated  are  as  follows: 

a.  Moisture  contents  at  the  subgrade  surface  and  l8-in.  depth 
are  lower  in  the  low  rainfall  zone  than  in  the  medium  or 
high  rainfall  zones. 

b.  Moisture  contents  show  a  general  increase  with  increase  in 
plastic  limit. 

c.  Moisture  contents  in  the  base  course  did  not  exceed  the 
plastic  limit,  but  subgrade  moisture  contents  at  both  eleva¬ 
tions  were  found  to  exceed  plastic  limits  in  all  rainfall 
zones . 

d.  Moisture  content  and  plastic  limit  show  no  relation  to 
rainfall  zone . 

4l.  Plasticity  index.  Plots  showing  the  relation  of  moisture  con¬ 
tent  to  plasticity  index  are  shown  in  plate  29  for  the  base  course,  plate 
3<)  for  the  surface  of  the  subgrade,  and  plate  31  for  the  l8-ln.  depth  In 
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the  subgrade.  The  following  general  trends  are  indicated: 

a.  Moisture  content  increases  with  an  increase  in  plasticity. 

b.  Points  plotted  for  the  high  rainfall  zone  are  higher  than 
those  for  the  other  zones  at  the  l8-in.  depth  in  the  sub¬ 
grade.  At  other  elevations  there  does  not  appear  to  be  a 
relation  between  moisture  content  and  rainfall  zone. 

In-place  versus  opti¬ 
mum  moisture  content 

42.  Plots  of  in-place  moisture  content  versus  optimum  moisture  con¬ 
tent  for  the  base  course,  subgrade  surface,  and  l8-in.  depth  in  the  sub¬ 
grade  are  shown  in  plates  32  and  33*  In  general,  base  course  optimum  mois¬ 
ture  contents  tend  to  be  higher  than  the  in-place  values,  and  also  there  is 
a  trend  for  the  in-place  moisture  content  to  be  higher  with  increasing 
optimum  moisture  content.  For  both  elevations  in  the  subgrade,  it  can  be 
noted  that  the  trend  is  for  the  in-place  moisture  content  to  be  higher  than 
the  optimum  moisture  content.  It  is  also  apparent  that  in-place  values 
vary  directly  with  optimum  moisture  content  values  at  both  elevations  in 
the  subgrade. 


Moisture  content  ver- 
sus  gradation  of  material 

43.  Plots  of  moisture  contents  of  base  course,  subgrade  surface,  and 
l8-in.  depth  in  the  subgrade  versus  the  percentage  of  material  passing  the 
No.  200  sieve  are  shown  in  plates  34  and  35.  The  values  shown  in  plate  35 
are  only  for  the  fields  studied  during  the  1952-1956  phase  of  the  investi¬ 
gation.  The  general  trend  indicates  that  moisture  content  varies  directly 
with  the  amount  of  material  passing  the  No.  200  sieve. 


Moi sture  content  and 
rainfall  versus  time 

44.  A  study  of  the  data  available  reveals  no  relation  between  mois¬ 
ture  content  and  rainfall  with  time. 

Moisture  content : liquid  limit 

ratio  versus  gradation  and  rainfall  ^ 

45.  Gradation.  The  In-place  moisture  content: liquid  limit  ratios 
for  the  base  course  and  subgrade  surface  are  shown  in  plate  36.  The  ratio 
Is  not  above  1.00  for  either  base  or  subgrade.  For  the  base  course  mate¬ 
rials,  there  is  a  trend  for  the  ratio  to  increase  as  the  amount  of  material 
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passing  the  No.  200  sieve  increases.  No  trend  was  indicated  for  the  sub¬ 
grade  materials. 

46.  Annual  rainfall.  Plate  37  shows  plots  of  the  base  course  and 
subgrade  surface  in-place  moisture  content: liquid  limit  ratios  versus  the 
average  annual  rainfall.  No  relation  between  this  ratio  and  the  annual 
rainfall  is  apparent. 


Moisture  content: plastic  limit  ratio 
versus  gradation  and  annual  rainfall 

4j.  Gradation.  Plots  of  the  in-place  moisture  content : plastic  limit 
ratio  versus  percentage  of  material  passing  the  No.  200  sieve  for  both  base 
course  and  subgrade  surface  materials  are  shown  in  plate  38*  A  trend  for 
the  ratio  to  increase  as  the  amount  of  material  passing  the  No.  200  sieve 
increases  is  apparent  for  both  base  and  subgrade.  This  ratio  does  not 
exceed  1.00  for  base  course  materials,  but  does  exceed  1.00  a  significant 
number  of  times  when  the  amount  of  subgrade  material,  passing  the  No.  200 
sieve  is  more  than  35  per  cent. 

48.  Annual  rainfall.  Plots  of  the  in-place  moisture  content: plastic 
limit  ratios  of  the  base  course  and  subgrade  surface  materials  versus  aver¬ 
age  annual  rainfall  are  shown  in  plate  39*  These  data  indicate  no  definite 
relation  between  this  ratio  and  average  annual  rainfall.  Similar  data  pre¬ 
sented  in  Report  2  for  the  l8-in.  depth  of  subgrade  showed  a  trend  for  the 
ratio  to  vary  directly  with  the  rainfall. 

Moisture  content : optimum  mois¬ 
ture  content;  ratio  versus  rainfall 

49.  Mode  values  of  the  ratio  of  the  in-place  moisture  content  to  the 
modified  AASH0  optimum  moisture  content  for  base  course  and  surface  of  the 
subgrade  are  shown  plotted  against  the  average  annual  rainfall  in  plate  40. 
These  plots  show  no  relation  between  the  value  of  the  ratio  and  the  average 
annual  rainfall . 


Water: plasticity  ratio 

50.  The  water; plasticity  ratio  was  defined  In  Report  2  as 
moisture  content  minus  plastic  limit 


Liquid  limit  minus  plastic  limit 


The  wat  e  r ::  p la st  1  c  i  t  y  r  at  1. 0  i  s 


plotted  against  average  In-place  moisture  content  values  for  base  course, 
subgrade  surface,  and  l8-in.  depth  in  the  subgrade  in  plate  4l.  Moisture 
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content  values  shown  are  arithmetic  averages  for  the  period  of  investiga¬ 
tion,  and  locations  have  been  combined  where  limits  are  approximately  the 
same.  Data  from  this  phase  of  the  investigation  do  not  tend  to  alter  the 
following  summary  of  the  Report  2  analysis  of  this  variable. 

a.  Base  course.  Points  representing  base  courses  show  water: 

—  plasticity  ratio  values  ranging  roughly  from  0  to  -12.  In 

no  case  does  the  average  in-place  moisture  content  exceed 
the  plastic  limit,  hence  the  negative  values  on  the  abscissa. 
There  is  a  general  tendency  for  the  moisture  content  to  in¬ 
crease  as  the  water: plasticity  ratio  increases.  No  relation 
between  water: plasticity  ratio  and  average  annual  rainfall 
could  be  ascertained. 

b.  Subgrade  surface.  In  general  the  values  of  water: plasticity 
“  ratio  are  between  0  and  -1,  indicating  that  average  in-place 

moisture  contents  are  just  below  the  plastic  limits  of  all 
materials  with  plasticity.  The  in-place  moisture  content 
varies  directly  with  the  water:plasticity  ratio.  No  rela¬ 
tion  was  found  between  water  elasticity  ratio  and  average 
annual  rainfall.  It  is  to  be  noted  that  there  were  no 
failures  in  the  subgrade. 

c.  Subgrade,  l8-in.  depth.  Water elasticity  ratios  vary 
slightly  jO,  indicating  the  average  moisture  contents  to 
be  very  near  the  plastic  limit.  In-place  moisture  content 
values  vary  directly  with  water:plasticity  ratio.  Investi¬ 
gation  of  the  relation  between  water:plasticity  ratio  and 
average  annual  rainfall  indicated  a  slight  trend  for  the 
ratio  to  increase  with  increasing  rainfall. 

Degree  of  saturation 
versus  other  variables 

51.  Plasticity  index.  Plots  of  the  degree  of  saturation  of  the  base 
course  and  subgrade  surface  versus  plasticity  index  are  shown  in  plate  42. 
In  general,  there  appears  to  be  a  trend  for  the  degree  of  saturation  to 
vary  directly  with  the  plasticity  index  for  the  subgrade  surface,  and  a 
slightly  similar  trend  is  noted  for  the  base. 

52.  Gradation  of  material.  The  degree  of  saturation  was  found  to 
have  no  relation  to  the  amount  of  base  course  material  passing  the  No.  200 
sieve  and  only  a  slight  direct  relation  to  the  amount  of  subgrade  material 
passing  the  No.  200  sieve. 

53.  Annual  rainfall.  General  indications  are  that  there  is  no 
trend  for  the  degree  of  saturation  to  vary  with  average  annual  rainfall. 

CBR 

54.  In  laboratory  CBR  tests  made  for  design  purposes,  remolded. 
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soaked  samples  are  used;  it  being  assumed  that  the  soaked  samples  will 
attain  about  the  same  degree  of  saturation  and  CBR  as  will  base  and  sub- 
grade  materials  in  their  worst  future  condition.  In-place  construction 
data  for  the  fields  investigated  have  been  presented  previously;  and  labo¬ 
ratory  CBR  tests  were  performed  on  samples  from  the  sites  tested  during  the 
period  of  this  study  and  those  tested  during  the  phase  of  the  investigation 
described  in  Report  2.  Future  conditions  were  predicted  from  laboratory 
tests  on  soaked  samples  that  had  been  compacted  at  the  actual  construction 
moisture  contents  and  densities  rather  than  on  samples  compacted  at  the 
optimum  moisture  and  the  design  density  so  that  a  direct  comparison  could 
be  made  between  laboratory  predictions  and  the  actual  in-place  values 
found.  This  comparison  is  presented  graphically  in  plate  43  for  the  base 
courses  and  subgrades  of  a  majority  of  the  fields  tested  during  the  1945- 
1952  and  1952-1956  phases  of  the  field  moisture  content  investigation.  The 
data  presented  in  plate  43  are  so  arranged  that  values  on  the  ordinates  of 
the  graphs  above  the  laboratory  value;  shown  as  a  bar;  are  on  the  unsafe 
side  o.f  the  laboratory  figure  while  those  below  the  laboratory  value  are  on 
the  safe  side.  Laboratory -predicted  moisture  contents  of  base  courses  were 
found  to  be  conservative  in  five  cases  and  marginal  in  a  single  case 
(Clovis  AFB).  The  laboratory-predicted  moisture  content  values  for  the 
subgrades  were  found  to  be  conservative  in  five  cases  and  marginal  in  four. 
In-place  base  course  CBR  values  plot  well  below  (on  the  safe  side  of)  the 
laboratory -predicted  value  for  Kirtland  AFB  site  1,  Bergstrom  AFB,  and 
Goodfellow  AFB.  All  in-place  base  course  CBR  values  at  Kirtland  AFB  site  2 
are  less  than  the  laboratory-predicted  value;  CBR's  measured  at  Clovis  AFB 
plot  at  or  below  the  laboratory  value  before  failure  of  the  base,  but  well 
above  after  failure.  In-place  base  course  CBR  values  obtained  at  Craig  AFB 
are  both  above  and  below  the  laboratory -predicted  value,  with  approximately 

TO  per  cent  being  on  the  safe  side.  Laboratory -predicted  CBR  values  . . - 

the  subgrade  were  found  to  be  conservative  in  seven  cases  and  only  slightly 
marginal  in  two  cases. 
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PART  V:  SUMMARY  OF  RESULTS,  AND  CONCLUSIONS 

Results 

55*  The  following  statements  are  based  on  the  data  obtained  in  this 
and  the  previous  investigation,  and  the  foregoing  analysis.  Although  the 
statements  apply  mainly  to  the  sites  investigated,  they  may  also  apply  to 
other  locations  that  exhibit  similar  climate,  landforms,  and  soils. 

a.  Variations  in  moisture  content  with  time  (all  elevations) 
followed  no  prescribed  pattern  of  increase  or  decrease. 

b.  The  l8-in.  depth  in  the  subgrade  was  the  only  elevation  to 
exhibit  a  trend  of  higher  moisture  content  in  the  high 
rainfall  zone. 

c.  In-place  moisture  contents  varied  directly  with  liquid 
limit,  plastic  limit,  plasticity  index,  optimum  moisture 
content,  and  percentage  of  material  passing  a  No.  200  sieve. 

d.  Moisture  contents  were  below  the  plastic  limits  in  the  base 
courses,  but  not  in  all  of  the  subgrade  materials. 

e.  There  was  no  trend  for  the  degree  of  saturation  to  vary  with 
the  rainfall  zone. 

f.  The  variation  of  moisture  content  across  the  pavement  width 
(normal  locations  1,  2,  and  3)  was  insignificant  in  the  base 
courses  and  inconsistent  for  the  two  elevations  in  the  sub¬ 
grade.  There  was  no  trend  for  the  moisture  content  to  vary 
from  the  center  of  the  pavement  outward  with  rainfall  zone. 

g.  The  moisture  contents  and  CBR  values  of  laboratory  soaked 
samples  were  generally  conservative  compared  to  those  ob¬ 
tained  in  the  field  for  base  courses,  and  conservative  or 
approximate  to  those  obtained  for  subgrade  materials. 

Conclusions 


!;>6.  From  the  foregoing  it  Is  concluded  that  the  moisture  contents 
beneath  pavements,  as  well  as  the  physical  properties  of  the  soils,  vary 
. . cording  to  material  and  location  (field).  This  variation  cannot  be  defi¬ 
nitely  related  to  rainfall  zone  or  climatic  region;  neither  was  the  source 
of  moisture  definitely  determined.  Good  surface  drainage  is  a  contributing 
factor  to  satisfactory  pavement  performance  but  will  not  necessarily  ensure 

it.  The  four-day  laboratory  soaking  test,  although  possibly  eonse . :vative 

for  nonplastic  or  slightly  plastic  materials  (particularly  in  arid  regions), 
is  still,  considered  applicable  for  purposes  of  design. 
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